Infection by Baylisascaris procyonis is an uncommon but devastating cause of eosinophilic meningitis. We report the fi rst case-patient, to our knowledge, who recovered from B. procyonis eosinophilic meningitis without any recognizable neurologic defi cits. The spectrum of illness for this organism may be wider than previously recognized. E osinophilic meningitis is defi ned by >10 eosinophils/ mm 3 in the cerebrospinal fl uid (CSF) or >10% eosinophils of the total CSF leukocyte count. In the United States, the most common cause of eosinophilic meningitis is the presence of a ventriculoperitoneal shunt, but worldwide it is infection by Angiostrongylus cantonensis (1). Other infectious causes of eosinophilic meningitis include Toxocara spp., Gnathostoma spinigerum, neurocysticercosis, and Baylisascaris procyonis. The latter is an intestinal roundworm endemic to the US raccoon population (2). B. procyonis has not been described in New Orleans but is known to occur in raccoons in northern Louisiana (D. Bowman, pers. comm.) and in the nearby states of Texas, Georgia, Oklahoma (2,3), and Mississippi (C. Panuska, unpub. data).
Infection by Baylisascaris procyonis is an uncommon but devastating cause of eosinophilic meningitis. We report the fi rst case-patient, to our knowledge, who recovered from B. procyonis eosinophilic meningitis without any recognizable neurologic defi cits. The spectrum of illness for this organism may be wider than previously recognized. E osinophilic meningitis is defi ned by >10 eosinophils/ mm 3 in the cerebrospinal fl uid (CSF) or >10% eosinophils of the total CSF leukocyte count. In the United States, the most common cause of eosinophilic meningitis is the presence of a ventriculoperitoneal shunt, but worldwide it is infection by Angiostrongylus cantonensis (1) . Other infectious causes of eosinophilic meningitis include Toxocara spp., Gnathostoma spinigerum, neurocysticercosis, and Baylisascaris procyonis. The latter is an intestinal roundworm endemic to the US raccoon population (2) . B. procyonis has not been described in New Orleans but is known to occur in raccoons in northern Louisiana (D. Bowman, pers. comm.) and in the nearby states of Texas, Georgia, Oklahoma (2,3), and Mississippi (C. Panuska, unpub. data).
Previously, all reported human cases of B. procyonis eosinophilic meningitis have resulted in death or severe neurologic sequelae. We describe a patient with clinically apparent B. procyonis eosinophilic meningitis, who appears to have completely recovered. This patient's recovery supports the notion that a wide spectrum of clinical disease exists for this parasite and that it may be a more common human infection than previously recognized.
The Case
A 4-year-old boy from New Orleans, Louisiana, who had sickle cell disease and a history of a splenectomy, was admitted to our hospital with 1 day of headache, right arm pain, and emesis. He was alert and oriented; his oral temperature was 38°C; and physical examination found only mild upper extremity tremors, dysmetria, and bilateral extensor plantar response. His blood leukocyte count was 16,000/mm 3 , with 12% eosinophils; blood cultures yielded no growth. During the next 3 days, his headache and vomiting worsened and ataxia developed. Magnetic resonance imaging of the brain, performed on day 5 of illness, demonstrated cerebellar edema (Figure) . CSF analysis showed the following: 5 erythrocytes, 1,734 leukocytes/mm 3 (55% of which were eosinophils), protein 290 mg/dL, and glucose 53 mg/dL. The boy was given 1 dose of mannitol (0.25 g/kg) and a loading dose of dexamethasone (1 mg/kg), followed by 0.25 mg/kg dexamethasone every 6 hours for 2 weeks. On day 9, a parasitic infection was suspected, and albendazole (10 mg/kg every 12 hours for 5 days) was begun. The boy's history was negative for travel outside the United States, raw food consumption, household pets, developmental disability, or pica. His mother reported household rodent infestation and fecal droppings on the patient's bed; raccoons had been seen in the neighborhood, but the boy had not been directly exposed to them. Three days after corticosteroid therapy began, headache and vomiting stopped and only mild ataxia remained. Repeat magnetic resonance imaging and lumbar puncture on day 12 showed improvement in cerebellar edema and CSF eosinophilia (107 leukocytes/mm 3 with 6% eosinophils). Upon discharge (day 16), the patient's only abnormal fi nding was mild dysmetria of the right hand. One month later he was asymptomatic, and results of a neurologic examination were within normal limits; 24 months later he remained well.
Serologic test results for Toxocara canis (Centers for Disease Control and Prevention, Atlanta, GA, USA), Treponema pallidum, Mycoplasma, Epstein-Barr virus, and lymphocytic choriomeningitis virus were all negative. Acute-phase and convalescent-phase serum specimens (obtained 10 days and 7 weeks after illness onset, respectively) were negative for A. cantonensis (Western blot performed at Mahidol University, Bangkok, Thailand) (4); both were positive for B. procyonis (ELISA performed at Purdue University, West Lafayette, IN, USA) with optical density (OD) values of 0.547 and 0.976, respectively (positive cut-off OD >0.250; K. Kazacos, pers. comm.). CSF (acute specimen only) was negative for A. cantonensis and B. procyonis (OD = 0.006). A stool sample was negative for ova and parasites.
Conclusions
Comprehensive reviews of the epidemiology and clinical features of B. procyonis infection have been recently published (2, 3, 5, 6) . The defi nitive host for this roundworm is the raccoon (Procyon lotor), which each day sheds millions of eggs in feces, which heavily contaminate parks and neighborhoods (7) . Humans are infected by ingesting the eggs; the median age of infected humans is 13 months, refl ecting the propensity of young children to explore the environment orally (2,3). Subclinical infection has been suggested by a study in Chicago, which found 30 (8%) of 389 children 1-4 years of age were seropositive for B. procyonis, although none had experienced symptoms (8) . After B. procyonis larvae hatch, they penetrate the intestinal wall and disseminate; the ensuing manifestations depend on infecting dose, location of migrating larvae, and degree of infl ammation produced (2,3). The larvae are not neurotropic, but some may reach the central nervous system and, because of their large size (1.5-2.0 mm), cause major tissue damage (2,3). All previously described 13 patients who had clinically apparent B. procyonis eosinophilic meningitis died or were left with severe neurologic sequelae (Table) ; to our knowledge, our patient represents the fi rst to fully recover. B. procyonis could cause low-level infections with mild and nonspecifi c clinical manifestations, similar to covert toxocariasis, (9,10) that can go unrecognized. Our patient underwent an extensive evaluation because of his underlying sickle cell disease and the suspicion for a cerebrovascular event; otherwise, his eosinophilic meningitis may have been missed. Confi rmation of B. procyonis infection requires identifi cation of the larvae in tissues. A biopsy specimen was not obtained from our patient because of his benign clinical course; his case thus remains probable, rather than confi rmed. Probable cases can be ascertained by a rise in serum or CSF antibody, as detected by an ELISA (11) performed at the Department of Comparative Pathobiology, Purdue University. Our patient's acute-phase serum sample was moderately positive and the convalescent-phase titer increased, which supports B. procyonis infection. Stool testing, however, is not useful because in humans the parasite does not complete its life cycle and thus does not produce eggs (3) .
Treatment with albendazole after egg ingestion but before the onset of symptoms can prevent development of clinical baylisascariasis (2,10). However, after central nervous system symptoms appear, whether albendazole confers clinical benefi t or instead worsens outcome due to parasite death and the resultant infl ammatory response is unclear. Because of the latter possibility, corticosteroids should be used (3). Whether our patient's favorable outcome was due to a low burden of infection (as suggested by mild symptoms and modest serum antibody levels), host factors, or prompt initiation of therapy (mannitol, corticosteroids, and albendazole) is not known.
In conclusion, eosinophilic meningitis is a syndrome with many causes; in the United States, an important cause to consider is B. procyonis. All previously reported cases of eosinophilic meningitis resulted in death or severe neurologic disability. We report the likely fi rst case-patient who fully recovered from B. procyonis eosinophilic meningitis. Although the potential for long-term sequelae in this patient is unknown, his short-term recovery has been excellent, and clinical and radiologic improvements suggest resolution of the disease process. This case demonstrates that milder presentations of B. procyonis infection are possible and suggests that infection by this parasite may be more frequent than previously recognized.
